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[57] ABSTRACT 
A power supply for an ac discharge lamp utilizes a 
switching transistor for turning on and off the dc cur 
rent from a dc power circuit. The dc current is then fed 
to a low pass ?lter for supplying the dc power to the 
lamp with alternating polarity. A voltage and a current 
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POWER SUPPLY FORTA-N AC DISCHARGE LAMP 

BACKGROUND ‘0F’ THE INVENTION 
l. Field of the Invention 
The present invention relates to a power supply for a 

matal halide or like ac‘discharge lamp, and more partic 
ularly to such a supply for supplying substantially con 
stant dc power- to the lamp with alternating polarity. 

a‘ 2. Description of the Prior Art 
' Metal halide discharge lamps have severe power 
supply vrequirements. During lamp warm up after igni 
tion, the lamp voltage is considerably lower than after 
the operating temperature has been reached, and the 
lamp current is considerably higher than during later 
operation. Furthermore, both during warm up and later 
operation, a maximum lamp power allowable can not be 
exceeded without damaging the lamp. 
Thus both voltages and currents must be provided to 

the ac discharge lamp by an ac power supply so that the 
abovem‘entioned requirements may be satis?ed. More 
over, it is desirable to provide constant power to the 
lamp, so as to insure the constant light output and color 
temperature. ' ' ' 

Conventionally, ballast-type power supplies have 
been used wherein an inductive ballast such as a choke 
and an inductor is connected in series with the lamp, 
and the voltage is controlled to drop in response to the 
amount of current drawn, so as to regulate the power 
output. In such ballast-type supplies, the inductive bal 
last itself is very bulky and massive/Further, in the 
conventional ballast-type supplies,‘ a 200 volt source 
typically must be used for an ac metal halide lamp that 
is rated, for example, at 45 volts (higher than the related 
voltage). Thus to operate from a 100,volt ac line, a 
boosting transformermust be used in addition to the 
ballast inductor, Further since the amount of current to 
bestabilized by the inductor depends'on the magnitude 
of supply voltage, taps must be provided to obtain con 
stant voltage even when different line voltages are ap 
plied. As a consequence, all of these factors add to the 
bulkiness of such a ballast-type power supply and the 
complexity of the individual component part, and may 
lead to reduced ef?ciency. ’ ' 

The prior art, in trying to solve the problems associ 
ated with the ballast-type power supply, has employed 
a system which does not require an inductive ballast and 
yet effective for providing constant power to the ac 
metal halide lamp. An example of such power supplies 
is disclosed in Japanese Laid-Open‘ Patent Publication 
No. 51-141488. ‘ 

‘ The power supply disclosed in the publication utilizes 
a switching regulator,‘ as shown in F IG.‘ 1. 
'lnthe power supply, the line voltage supplied be 

tween input terminals A and B is recti?ed through a dc 
power circuit 1, and the direct current thus obtained is 
periodically turned on and off by a switching transistor 
2. Then the high frequency component of the current is 
removed by a low pass ?lter 6 consisting of a diode 3, an 
inductor 4 and a capacitor- 5. Speci?cally, the outputs 

A from each sensing circuit of a'dc voltage sensing-circuit 
7 and a dc current sensing circuit 8 both provided in the 
outputzline, of the low pass ?lter 6 are summed in a 
summing-circuit 9'.'The summed output voltage is then 
inputted-toad error detector circuit 10 which is pro 
vided in a control circuit for controlling the on-time of 
thes‘witc‘hing transistor 2. The output voltage is further 
compared with the reference voltage from=a reference 

2 
voltage generating circuit 11 so as to obtain an error 
signal indicative of the voltage difference between the 
reference voltage and the summed output voltage. 
The error signal is then supplied to a voltage-pulse 

width converter 13 for altering the pulse width of a 
constant frequency pulse signal from an ocillator 12 
which operates with the converter 13. The output volt 
age of the converter 13 is effective to control the on or 
off time of the switching transistor 2 so as to maintain 
the error signal at constant level. As a consequence, a 
substantially constant dc power may be supplied to the 
load. The dc power is then fed to a commutator circuit 
14. A pair of transistors 15 and 16 and a pair of transis 
tors 17 and 18 of the commutator circuit 14 are periodi 
cally alternately controlled to be turned on through a 
commutator control circuit 19 so as to connect the 
regulated dc power to an ac discharge lamp 20. 

It is to be noted that during the lamp 20 warm up, a 
large amount of current will ?ow because of the small 
impedance of the lamp 20. However, the voltage and 
current are sensed through the dc voltage and current 
sensing circuits 7 and 8, and the power being supplied to 
the lamp 20 is controlled so as not to exceed the prede 
termined level. This is accomplished by decreasing the 
pulse width of the constant frequency pulse signal from 
the voltage-pulse width converter 13 and reducing the 
on-time of the switching transistor 2 so as to maintain 
the error signal from the circuits 7 and 8 at a desired 
level. When the normal operating level is reached, the 
impedance of the lamp 20 increases. However, a sub 
stantially constant power may be supplied to the lamp 

' 20 by increasing the pulse width of the constant fre 
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quency pulse signal from the converter 13 and prolong 
ing the on-time of the switching transistor 2. Accord 
ingly, since the power supply utilizes a switching tran 
sistor 2, it is considerably smaller and lighter than those 
using inductive ballasts, as well as being highly ef?cient. 

It should be noted, however, that even in such a 
switching regulator type supply it is necessary to adjust 
the dc voltage and current sensing circuits 7 and 8 or 
the summing circuit 9 so as to provide constant power 
to the discharge lamp 20. The adjustment must‘ be ac 
complished under normal operating condition with the 
lamp 20 connected to the power supply. This may cause 
an electrical shock inadvertently during the adjustment. 
An object of the present invention is to provide a 

power supply which is compact, lightweight and highly 
efficient. 
Another object is to provide a power supply which is 

safe to use where there is no possibility of causing elec 
trical shocks. 

SUMMARY OF THE INVENTION 

According to the inventive power supply, while the 
inductor is provided in the input line or the output line 
of the switching transistor for the switching regulator 
type power source just described, it is replaced by a 
power transformer of which the primary winding is 
separated for insulation from the secondary winding. 
The ac voltage developed at the secondary winding is 
then‘ sensed to thereby control the on-time of the 
switching transistor. Thus the high-voltage circuit sec 
tion for the ac discharge lamp is effectively separated 
and insulated from the low-voltage circuit sections as of 
the summing circuit and the control circuit so as to 
prevent possible electrical shocks. 
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BRIEF DESCRIPTION OF ‘THE DRAWINGS 
FIG. 1 is a block diagram illustrating a circuit con?g 

uration according to the prior art power supply; 
FIG. 2 is a block diagram illustrating a circuit con?g 

uration of a power supply according to one embodi 
ment of the present invention; and 
FIG. 3 is a chart of the output signal waveforms of 

each component part, illustrating the operation of the 
power supply according to the present invention. 

DETAILED DESCRIPTION OFATHE 
PREFERRED EMBODIMENT 

Referring now to the drawings and to FIG. 2 in par 
ticular, shown therein is a circuit con?guration of a' 
power supply in accordance with one embodiment of 
the present invention. Like component parts are given 
like reference numbers for purposes of convenience in 
comparing with FIG. I discussed in the preceeding 
paragraphs. ‘ ‘ 

In FIG. 2, there is shown a current sensing trans 
former 21 of which the primary winding isconnected 
between a dc power circuit 1 and a switching transistor 
2. The secondary winding of the transformer‘Zl is con 
nected to a recti?er circuit 22, and‘ the output of the 
recti?er circuit 22 is connected to a summing circuit 9. 
Further, there is provided a transformer 23, the primary 
winding of which is being connected to a voltage-pulse 
converter 13 and the secondary winding being con 
nected to the base of the transistor 2. 

In the power supply according to the present inven 
tion, the low pass ?lter 6 shown in FIG. 1 includes a 
voltage sensing transformer 24 instead of the inductor 4. 
The primary winding of the transformer 24 is connected 
to the low pass ?lter 6. It is important to note that the 
secondary winding of the voltage sensing transformer 
24 is formed of a pick-up coil having minimuminduc 
tance required for picking up theJeakage flux of the 
primary winding, so that the primary winding may act 
as an inductor. The secondary winding of the voltage 
sensing transformer 24 is connected to a clamper circuit 
25 adapted for applying direct current to ac signals. 
Further, the output of the clamper circuit 25 is con 
nected to the summing circuit 9. 
Having thusly described the con?guration of the 

power supply, the operation will now be described. 
Let V] denote the dc voltage produced in the dc 

power circuit 1. In response to the on-time TON and the 
off»time Toppof the switching transistor 2, voltage VD 
is produced across the diode 3, which represents a pulse 
waveform of peak value V1 and pulse width TQN, as 
shown in FIG. 3(a). The voltage V9 is then smoothed 
by the low pass ?lter 6. As a result, a dc voltage VOUT 
can be obtained. That is, 

Tolv 
V0” : "I X 

At this time, a current Ic having a waveform as 
shown in FIG. 3(b) flows through the collector of the 
switching transistor 2, and a forward current 19 as 
shown in FIG. 3(c) flows through the diode 3. As a 
consequence, a current IL having average output value 
IOUTas shown in FIG. 3(d) flows through the low pass 
?lter 6 inductor, that is the primary winding of the 
voltage sensing transformer 24. Then the collector cur 
rent I(; of the switching transistor 2 flows through ‘the 
primary winding of the current sensing transformer 21, 
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4 
so as to produce, in the secondary winding of the trans 
former 21,v a voltage having differential waveform of 
the collector current of the switching transistor 2. The 
output voltage is then recti?ed by the recti?er circuit 22 
to obtain a sensed dc voltage indicative of the peak 
value Ip of the collector current Ic. 
On the other hand, to the primary winding of the 

voltage sensing transformer 24 provided in the low pass 
?lter 6, there is applied a voltage difference between the 
voltage VD (see FIG. 3(a)) produced across the above 
mentioned diode 3 and the voltage VQUT produced 
across the capacitor 5. The waveform of the voltage 
difference V], is shown in FIG. 3(0). The smoothed dc 
current of the voltage difference may be expressed as: 

VLD = (W — VOUT) X #5215; 

where VLD is the smoothed dc current. 
‘Since the dc voltage V] produced in the dc power 

circuit 1 is extremely higher than the dc voltage VOUT 
to be supplied to the lamp 20, we can express, V1—— 
VouTzVj, and thus we obtain, 

Thus, it may be deemed that the smoothed dc voltage 
VLD produced across the primary winding of the volt 
age sensing transformer 24 is substantially equal to the 
dc voltage VOUT. 
The ac component of the voltage difference VL is 

then sensed through the secondary winding of the volt 
age sensing ‘transformer 24, and a dc voltage is added 
via the clamper circuit 25 to the ac component of the 
sensed voltage difference VL so as to obtain a smoothed 
voltage VLD. The voltage VLD is then supplied to the 
summing circuit 9. The sensed dc voltage indicative of 
the peak value Ip of the transistor 2 collector current IC 
and the sensed dc voltage VLDindicative of the voltage 
VL developed across the primary winding of trans 
former 24 through the clamper circuit 25 are supplied to 
the summing circuit 9 so as to obtain a summed output 
voltage. In the same manner with the power supply as 

. shown in FIG. 1, an error signal is obtained as a differ— 
ence between the summed output voltage and the refer 
ence voltage. The duty ratio of the on-to-off times of the 
switching transistor 2 is controlled in response to the 
magnitude of the error signal so that the error signal 
may be maintained at the desired level, resulting in a 
substantially constant power output to the lamp 20. 
What is claimed is: . 
1. A power supply adapted for use with an ac dis 

charge lamp, comprising: 
a dc power circuit for generating dc power, 
a switching transistor for turning on and off the dc 
power from said dc power circuit, 

a low pass ?lter for receiving the dc power from said 
switching transistor and for supplying smoothed dc 
power, . 

a commutator circuit for supplying the dc power 
from said low pass ?lter with alternating polarity 
to said ac discharge lamp, 

a commutator control circuit for controlling said 
cummutator circuit, , 
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a ?rst transformer connected in series between said 
dc power circuit and said switching transistor, and 
adapted for sensing the current of the dc power, 

a second transformer connected in series between 
said switching transistor and said commutator cir 
cuit, and adapted for sensing the output voltage 
from said switching transistor, 

a recti?er circuit for rectifying the current sensed by 
said first transformer, 

a clamper circuit for applying dc voltage to the volt 
age sensed by said second transformer, 

a summing circuit for summing both of the output 
voltages from said recti?er circuit and said clamper 
circuit, 

an error detector circuit for comparing the output 
voltage from said summing circuit with a reference 
voltage from a reference voltage generating circuit 
in conjunction with said error detector circuit, and 
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6 
for producing an error signal indicative of the volt 
age difference therebetween, 

a voltage-pulse width converter for receiving a con 
stant frequency pulse signal produced from an 
oscillator in conjunction with said converter, and 
altering the pulse width of the pulse signal in re 
sponse to the error signal from said error detector 
circuit, and 

a third transformer for supplying the output signal 
from said voltage-pulse width converter to the 
input terminal of said switching transistor. 

2. A power supply as de?ned in claim 1 wherein each 
of said ?rst, second and third transformers is an insu 
lated transformer. 

3. A power supply as de?ned in claim 1 wherein said 
second transformer is adapted to act as an inductor of a 
low pass ?lter. 

* * * * =k 


